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Importance of Potency Testing

* Properly informs the customer
* Provides accurate dosages

« Sets market value

Defines legal composition
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The Concern

* Uncertainty in choosing a method

Numerous testing methods
Cost effectiveness

Ease of use

Least labor intensive
Efficiency

« Extraction efficiency study/experiment not completed
Lack of historical data to base decision

 Does the same extraction work on multiple chemovars?

R
RESTEK Pure Chromatography



The Experiment

Research and select Gather materials and

make any necessary
methods for study method modifications

initi : Vacuum filter
Perform initial extraction
following protocol g Supem%%nr’;ﬁggssample

Transfer sample and Analyze samples
perform second utilizing UV/Vis at 228

extraction following nm monitoring 16
protocol cannabinoids

Process data for
cannabinoid content for Repeat steps 3 — 7 for
both 1st and 2nd 2nd chemovar
extractions

Calculate and compare
cost of goods, solvent,
and sample preparation
time, and extraction
efficiency for each
method
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Methods

d Method 1

d Method 2

O Restek

O Association of Official Analytical Collaboration (AOAC) International
 American Society for Testing and Materials (ASTM)

O Department of Cannabis Control (DCC)

+ United States Department of Agriculture (USDA) recommends the use of AOAC
method for hemp
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Method Breakdown — Modifications

1.
2.
3.
4.
=
6.

Method 1

Weigh 200 mg flower into a 50 mL centrifuge tube

Add 20 mL MeOH

Vortex/shake 10 min

Aliquot 1 mL aliquot into new vial

Centrifuge 5000 RPM 5min

Transfer 50 uL of supernatant to a new vial. Add 950 uL MeOH Mix

briefly (final dilution 2,000-fold)

7.

Method 2

- © 00O NO O b WM =

ASTM

0O NOoO Ok NN =

RESTEK

Filter using 4 mm 0.45 um regenerated cellulose (RC) syringe filter

. Weigh 500 mg flower into 50 mL centrifuge tube

. Add 20 mL EtOH vortex briefly

. Shake on horizontal shaker 30 min 250 RPM

. Centrifuge 4000 RPM 5 min

. Pour supernatant into amber 50 mL volumetric flask set aside

. Repeat steps 2-4

. Add extract to to 50mL volumetric flask containing 1st extraction
. Fill flask with ethanol and mix well

. Perform 1:10 dilution and 1:100 dilution with MeOH

0. Filter into HPLC vials using 0.2 um PTFE membrane

. Weigh 100 mg into 15 mL centrifuge tube

. Add 5 mL 80:20 MeOH: Water

. Vortex 90 sec

. Centrifuge 5000 RPM 5 min

. Transfer supernatant to clean 15 mL tube

. Repeat steps 2-4 add to tube containing 1st extraction
. Vortex mix 5-10 sec

. Transfer to glass screw cap vial with glass inserts

Pure Chromatography
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. Weigh 200 mg flower into a 50 mL centrifuge tube

. Add 20 mL MeOH

. Vortex/shake 10 min

. Aliquot 1 mL aliquot into new vial

. Centrifuge 5000 RPM 5min

.Filter using 4 mm 0.45 um regenerated cellulose (RC) syringe filter
. Supernatant diluted 10 and 100 fold w/ 25:75 H20:ACN

. Weigh 500 mg flower into 50 mL centrifuge tube

. Add 20 mL EtOH vortex briefly

. Shake on horizontal shaker 30 min 250 RPM

. Centrifuge 4000 RPM 5 min

. Pour supernatant into amber 50 mL volumetric flask set aside

. Repeat steps 2-4

. Add extract to to 50mL volumetric flask containing 1st extraction
. Fill flask with ethanol and mix well

. Filter into HPLC vials using 0.2 um PTFE membrane

0. Supernatant diluted 10 and 100 fold w/ 25:75 H20:ACN

. Weigh 100 mg into 15 mL centrifuge tube

. Add 5 mL 80:20 MeOH: Water

. Vortex 90 sec

. Centrifuge 4000 RPM 5 min

. Transfer supernatant to clean 15 mL tube

. Repeat steps 2-4 add to tube containing 1st extraction

. Vortex mix 5-10 sec

. Supernatant diluted 10 and 100 fold w/ 25:75 H20:ACN



Method Breakdown — Modifications

AOAC

DCC

Restek
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. Weigh 500 mg flower into 50 mL centrifuge tube

. Add 20 mL EtOH briefly shake or vortex

. Shake 30 min on horizontal shaker 250 RPM

. Centrifuge sample at >3000 RPM for 5 min

. Filter supernatant using grade 390 filter paper into a 50 mL volumetric flask
. Transfer material back into the 50 mL centrifuge tube

. Repeat steps 2-5

. Dilute flask to volume w EtOH

. Filter 3mL Aliquot using 0.22um syringe filter into 15mL centrifuge tube

10. Perform 10- and 100 fold dilution w/ MeOH into 10mL volumetric flask
11. Transfer aliquots into 2 mL amber vials and vortex briefly

N o ok WD =

W N =

. Weigh 200 mg flower into 50 mL centrifuge tube

. Add 40 mL 80:20 Acetonitrile: MeOH

. Vortex 1 min

. Sonicate in water ice bath 30 min

. Centrifuge 3900 RPM for 15 min

. Aliquot 1.5 mL through 0.2 um PTFE filter into an HPLC vial
. Dilute

. Weigh 500 mg flower into 15mL centrifuge tube
. Add 5mL MeOH

. Vortex 15 sec sonicate 2.5 min (x3)

4.
5.
6.

Centrifuge 4000 RPM for 5 min
Repeat steps 2-3
Filter using 0.2 pum filter vial

7.Supernatant diluted 10 and 100 fold w/ 25:75 H20:ACN

Pure Chromatography
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DCC
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. Weigh 500 mg flower into 50 mL centrifuge tube

. Add 20 mL EtOH briefly shake or vortex

. Shake 30 min on horizontal shaker 250 RPM

. Centrifuge sample at 4000 RPM for 5 min

. Filter supernatant using grade 390 filter paper into a 50 mL volumetric flask
. Transfer material back into the 50 mL centrifuge tube

. Repeat steps 2-5

. Dilute flask to volume w EtOH

. Filter using 0.2 pm filter vials

10. Supernatant diluted 10 and 100 fold w 25:75 H20:ACN

1. Weigh 200 mg flower into 50 mL centrifuge tube

2. Add 40 mL 80:20 Acetonitrile: MeOH

3. Vortex 1 min

4. Sonicate in water ice bath 30 min

5. Centrifuge 3900 RPM for 15 min

6. Aliquot 1.5 mL through 0.2 um PTFE filter into an HPLC vial
7. Supernatant diluted 10 and 100 fold w 25:75 H20:ACN



Raptor ARC-18 2.7 um 150 mm x 4.6 mm (Cat# 9314A65)
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Extraction The Cannabinoid Breakdown — Chemovar 1

Chemovar 1 | Method1 | Method2 | AOAC | Resteck | ASTM | DCC200 | CofA
| mg/g wt % | mg/g wt% | mglg wt% | mglg wt% | mglg wt% | mg/ig | wt% | mgig wt%
Cannabidivarinic Acid (CBDVA) | D | ND | ND | ND | ND | | | ND
Cannabidivarin (CBDV) | 0.49 005 | ND | ND | 052 0.05 | 018 0.02 | | | ND
Cannabidioloic acid (CBDA) | D | ND | ND | 0.10  0.01 | ND | | | ND
Cannabigerolic acid (CBGA) | 73.47 735 | 66.66 667 | 4536 454 | 6469 6.47 | 8223 822 | 59.68 | 597 |113.50 11.35
Cannabigerol (CBG) | 147.44 1474 | 2046 2.05 | 1356 1.36 | 19.34 193 | 2058 2.06 | 3852 | 3.85 | 6.00 0.60
Cannabidiol (CBD) | 1.66 16.58 | ND | ND | 0.15  0.01 | ND | | | 08 0.08
Tetrahydrocannabivarin (THCV) | 036 004 | 018 0.02 | 013 0.01 | 016  0.02 | 0.18 0.02 | | | ND
Tetrahydrocannabivarinic acid (THCVA) | 0.23  0.02 | ND | ND | 008 001 | 012 0.01 | | | ND
Cannabinol (CBN) | ND | ND | ND | ND | ND | | | ND
Cannabinolic acid (CBNA) | ND | ND | ND | 0.10  0.01 | ND | | | ND
A9 - Tetrahydrocannabinol (A9-THC) | 0.78 0.08 | 035 0.03 | 027 0.03 | 044 004 | 035 0.04 | | | ND
A8 - Tetrahydrocannabinol (A8-THC) | ND | ND | ND | ND | ND | | | ND
Cannabicyclol (CBL) | ND | ND | ND | ND | ND | | | NA
Cannabichromene (CBC) | 134 013 | 061 0.06 | 043 004 | 062 0.06 | 0.64 0.06 | | | ND
Tetrahydrocannabinolic acid A (THCA-A)| 0.68  0.07 | 0.31  0.03 | ND | 010 001 | 035 0.04 | | | ND
Cannabichromenic acid (CBCA) | 164 016 | 073 0.07 | 058 006 | 104 010 | 074 007 | | | ND
Unique Cannabinoids Detected: [ 9 [ 7 [ 6 [ 12 [ 9 [ 2 ] [ 3
Total Cannabinoid Content: |243.00 24.30 | 89.29 8.93 | 60.32 6.03 | 87 8.73 [105.39 10.54 | 98.21 | 9.82 | 120.3 12.03
Total THC Content: | 0.14 | 0.06 | 0.03 | 0.05 | 0.07 | | 0.00 | ND
Total CBD Content: | 1.66 | 0.00 | 0.00 | 0.02 | 0.00 | | 0.00 | 0.08

Extration vol, mL

Cannabinoid (Wt%) = (Concentration of Component, ppm) ( ) (Dilution factor)(Conversion mL to L) * 100

Sample Aliquot, mg
Total THC (wt.%) = conc. A9-THC (wt.%) + (conc. THCA (wt.%) x 0.877)

Total CBD (wt.%) = conc. CBD(wt.%) + (conc. CBD (wt.%) x 0.877)
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Extraction The Cannabinoid Breakdown — Chemovar 2

Chemovar 2 | Method1 | Method 2 | AOAC | Restetk | ASTM | DCC200 | CofA
| mgilg wt% | mglg wt% | mg/g % | mglg wt% | mglg wt% | mgig | wt% | mgilg  wt%
Cannabidivarinic Acid (CBDVA) | 115 011 | 011 0.01 | ND | 1.12 0.11 | 0.76 0.08 | | | 090 0.09
Cannabidivarin (CBDV) | 217 022 | 068 007 | 054 005 | 1.24 012 | 110 0.1 | 0.88 | 0.09 | ND
Cannabidiolic acid (CBDA) |177.05 17.70 | 146.37 14.64 |129.75 1297 | 151.06 15.11 |188.10 18.81 |160.10| 16.01 | 195.00 19.5
Cannabigerolic acid (CBGA) | 882 088 | 224 022 | 288 029 | 4.18 042 | 301 030 | 1.77 | 0.18 | 500 0.50
Cannabigerol (CBG) | 301 030 | 1.77 018 | 220 022 | 240 024 | 273 027 | 3451 | 345 | 060 0.06
Cannabidiol (CBD) | 51.72 517 | 21.77 218 | 20.31 203 | 2577 258 | 28.60 286 | | | 320 0.32
Tetrahydrocannabivarin (THCV) | 147 015 | 270 0.27 | ND | 0.66 0.07 | 367 037 | 0.09 | 0.01 | ND
Tetrahydrocannabivarinic acid (THCVA) | ND | ND | ND | ND | ND | | | ND
Cannabinol (CBN) | ND | ND | ND | ND | ND | | | ND
Cannabinolic acid (CBNA) | 063 006 | 229 023 | 032 003 | 0.16 002 | 036 0.04 | | | ND
A9 - Tetrahydrocannabinol (A9-THC) | 817 082 | 479 048 | 433 043 | 7.06 071 | 591 059 | 754 | 075 | 1.7 017
A8 - Tetrahydrocannabinol (A8-THC) | ND | ND | ND | ND | ND | | | ND ND
Cannabicyclol(CBL) | 250 025 | 088 009 | 032 003 | 1.36 014 | 120 012 | 156 | 0.16 | NA NA
Cannabichromene (CBC) | 656 066 | 347 035 | 3.06 031 | 450 045 | 387 039 | 598 | 060 | 020 0.02
Tetrahydrocannabinolic acid A (THCA-A)| 6.98 070 | 394 039 | 380 038 | 574 057 | 523 052 | 324 | 032 | 760 0.76
Cannabichromenic acid (CBCA) | 1697 170 | 814 081 | 867 087 | 1080 _ 1.08 | 16.65 _1.67 | 7sg | 075 | 115 115
Unique Cannabinoids Detected: [ 13 [ 13 [ 11 [ 13 [ 13 [ [ [ 9
Total Cannabinoid Content: | 287.20 28.72 |199.13 19.91 [176.18 17.62 | 216.07 21.61 |261.19 26.12 |22318| 2232 | 225.7 22.57
Total THC Content: | 1.43 | 0.82 | 0.77 | 1.21 | 1.05 | | 1.04 | 0.8
Total CBD Content: | 20.70 | 15.01 | 13.41 | 15.83 | 19.36 | | 14.04 | 17.42

Extration vol, mL

Cannabinoid (wt%) = (Concentration of Component, ppm) ( ) (Dilution factor)(Conversion mL to L) * 100

Sample Aliquot, mg
Total THC (wt.%) = conc. A9-THC (wt.%) + (conc. THCA (wt.%) x 0.877)

Total CBD (wt.%) = conc. CBD(wt.%) + (conc. CBD (wt.%) x 0.877)
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Extraction Efficiency

Chemovar 1 Total Cannabinoids Extracted
Sample Prep Method Cannabinoids Recovered 1%t Extraction (mg/g) Cannabinoids Recovered 2™ Extraction (mg/g) Extraction Efficiency (%)
Chemovar 1

Method 1 243.0 1.31 98.93 Cof A

Method 2 89.29 0.20 99.55
AOAC 60.32 0.28 99.09 mg/g
Restek 87.34 2.09 95.33 120.3

ASTM 105.39 1.20 97.75

DCC 63.54 0.31 98.97

cannabinoids recovered 1st extration(mg / g) — cannabinoids recovered 2nd extraction(mg / g)|
Extraction Ef ficiency (%) = ( ) X 100
cannabinoids recovered 1st extraction (mg / g) + cannabinoids recovered 2nd extraction ("9 / g)
Chemovar 2 Total Cannabinoids Extracted
Sample Prep Method Cannabinoids Recovered 1%t Extraction (mg/g)  Cannabinoids Recovered 2" Extraction (mg/g) Extraction Efficiency (%) Chemovar 2

Method 1 287.20 4.94 96.62 Cof A

Method 2 199.13 0.43 99.57
AOAC 176.18 0.38 99.57 mg/g
Restek 216.07 5.49 95.05 225.70

ASTM 261.19 2.39 98.19

DCC 223.18 1.30 98.84

P e %
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Comparison of Chemovars

Sample Prep Method Chemovar 1 Chemovar 2 Percent Difference (%)
Extraction Efficiency (%) Extraction Efficiency (%)

Method 1 98.93 96.62 2.36
Method 2 99.55 99.57 0.02
AOAC 99.09 99.57 0.48

Restek 95.33 95.05 0.29

ASTM 97.75 98.19 0.45

DCC 98.97 98.84 0.13

chemovar 1 ef ficiency (%) — chemovar 2 ef ficiency (%
Percentmfference(%):<(' fficiency (%) ff y(o)l)) -

<chemovar 1 efficiency(%) + chemovar 2 ef f iciency(%))
2

5 out of 6 tested methods were < 0.5 % difference
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Extraction Solvent Cost

Sample Prep Method |Qty. of Solvent (mL)| Solvent Type | Cost Solvent / mL | Total Solvent Cost / sample
Method 1 20 MeOH $0.04 $ 0.77
Method 2 50 EtOH $0.05 $ 2.26
AOAC 50 EtOH $0.05 $ 2.26
Restek 10 MeOH $0.04 $ 0.38
8 MeOH $0.04
ASTM $ 042
2 Water $0.06
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Sample Prep Consumables Cost

Consumable Ave. Cost
50 mL centrifuge tube $0.73 Sample Prep Method |Consumables Cost / Sample
15 mL centrifuge tube $0.63 Method 1 $ 3.29
0.2 um Filter Vial $3.84 Method 2 $4.20
Grade 390 Filter paper $ 0.56
Syringe Filter 0.45 pum $1.78
Syringe Filter 0.2 um $1.91 ASTM $2.73
Plastic Syringe $0.53 DCC $4.63
2 mL centrifuge vial $0.13
2 mL Amber vials $0.33
Screw Caps $0.40
Glass Vial inserts $0.74
Glass Pipette $0.15
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Total Sample Prep Cost

(o]

~

Total Cost per Sample

mMethod 1 ®mMethod 2 mRestek mAOAC mASTM mDCC
NS
RESTEK Pure Chromatography

Cost ($)
N w SN (o))
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Time

RESTEK

Sample Prep Method Time/sample (min)
Method 1 20
Method 2 80
Restek 315
ASTM 18
DCC 51

s

*Does not include batch processing

Pure Chromatography
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Grading System

Sample Prep Method Solvent Cost Sample Prep Method Sample Prep Time Sample Prep Method Total Cost/sample
x DCC $3.76 x AOAC 90 x DCC $8.38
x Method 2 $2.26 x Method 2 80 x AOAC $7.35
x AOAC $2.26 x DCC 51 x Method 2 $6.46
v Method 1 $0.77 v Restek 31.5 v Restek $5.48
v ASTM $0.42 v Method 1 20 v Method 1 $4.06
v Restek $0.38 v ASTM 18 v ASTM $3.15

Sample Prep Method Efficiency

x Restek 95.19
x Method 1 97.73
x ASTM 97.97
v DCC 98.91
v AOAC 99.33
v Method 2 99.56

P e %
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Best Overall Method:

Sample Prep Method Qty v

ASTM

Restek

Method 1

3

3

3

Method 2
AOAC

DCC

e
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Top Methods revised:

. Weigh 500 mg into 15 mL centrifuge tube

. Add 5 mL 80:20 MeOH: Water

. Vortex 90 sec

. Centrifuge 4000 RPM 5 min

. Transfer supernatant to clean 15 mL tube

. Repeat steps 2-4 add to tube containing 1st extraction

. Vortex mix 5-10 sec

. Supernatant diluted 10 and 100 fold w/ 25:75 H20:ACN

1. ASTM ASTH

0O NOoO Ok~ ODN =

1. Weigh 500 mg flower into 15mL centrifuge tube
2. Add 5mL MeOH
3. Vortex 15 sec sonicate 2.5 min (x3)
2 . REStek Restek 4. Centrifuge 4000 RPM for 5 min
5. Repeat steps 2-3

6. Filter using 0.2 um filter vial
7.Supernatant diluted 10 and 100 fold w/ 25:75 H20:ACN

1. Weigh 500 mg flower into a 50 mL centrifuge tube
2. Add 20 mL MeOH

3. Vortex/shake 10min
3 . Met h Od 1 Method 1 4. Aliquot 1 mL aliquot into new vial
5. Centrifuge 5000 RPM 5min
6.Filter using 4 mm 0.45 um regenerated cellulose (RC) syringe filter

7. Supernatant diluted 10 and 100 fold w/ 25:75 H20:ACN

e
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Apples to Apples

| Method1 | Restek | ASTM | Dccs500 | CofA

Chemovar 2 (500 mg) | mgig wt% | mglg  wt% | mglg wt% | mglg | wt% | mgg wt%
Cannabidivarinic Acid (CBDVA) | 067 007 | 1.12 0.11 | 0.54 005 | o021 | 0.02 | 09  0.09
Cannabidivarin (CBDV) | 132 013 | 1.24 0.12 | 1.30 013 | 123 | o012 | ND
Cannabidioloic acid (CBDA) | 147.01 1470 | 151.06 15.11| 169.17 16.92 | 16288 | 16.29 |195.00 19.5
Cannabigerolic acid (CBGA) | 380 038 | 4.18 042 | 4.00 040 | 389 | 039 | 500 0.0
Cannabigerol (CBG) | 1.70 017 | 240 024 | 258 026 | 216 | 022 | 060 0.06
Cannabidiol (CBD) | 3400 340 | 2577 258 | 39.10 391 | 3356 | 336 | 320 032
Tetrahydrocannabivarin (THCV) | 022 0.02 | o066 0.07 | 057 006 | 144 | o014 | ND
Tetrahydrocannabivarinic acid (THCVA) | 0.14  0.01 | ND | 0.17 002 | 099 | o010 | ND
Cannabinol (CBN) | | ND | | | | ND
Cannabinolic acid (CBNA) | 1.78 o018 | o0.16 0.02 | 1.92 019 | | | ND
A9 - Tetrahydrocannabinol (A9-THC) | 1210 121 | 7.06 071 | 7.89 079 | 577 | 058 | 17 0.17
A8 - Tetrahydrocannabinol (A8-THC) | | ND | | 000 | | ND ND
Cannabicyclol(CBL) | 113 011 | 1.36 0.14 | 1.37 014 | 277 | 028 | NA NA
Cannabichromene (CBC) | 815 082 | 450 0.45 | 556 056 | 444 | 044 | 020 0.02
Tetrahydrocannabinolic acid A (THCA-A) | 2.02  0.20 | 5.74 0.57 | 4.71 047 | 243 | 024 | 760 0.76
Cannabichromenic acid (CBCA) | 579 058 | 1080 108 | 9.89 099 | 624 | 062 | 115 115
Unique Cannabinoids Detected: [ 14 [ 13 [ 14 [ 14 [ 9
Total Cannabinoid Content: | 219.83 21.98 | 216.07 21.61| 248.78 2488 | 227.99 | 22.80 | 2257 2257
Total THC Content: | 1.39 | 1.21 | 120 | | o079 | 0.8
Total CBD Content: | 16.29 | 15.83 | 18.75 | | 17.64 | 17.42
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Efficiency compared — Prescribed vs. Modified

Prescribed wt.

Total Cannabinoids Extracted

Sample Prep Method

Cannabinoids Recovered 1%t Extraction (mg/g)

Cannabinoids Recovered 2™ Extraction (mg/g) Extraction Efficiency (%)

Method 1 - 200 mg 287.20 4.94 96.62

Restek - 500 mg 216.07 5.49 95.05

ASTM - 100 mg 261.19 2.39 98.19

DCC - 200 mg 223.18 1.30 98.84

500 mg Total Cannabinoids Extracted

Sample Prep Method Cannabinoids Recovered 1%t Extraction (mg/g)  Cannabinoids Recovered 2" Extraction (mg/g) Extraction Efficiency (%)

Method 1 219.83 4.94 95.60

Restek 216.20 5.49 95.05

ASTM 243.62 11.60 90.91

DCC 227.00 2.74 97.62

RESTEK

Sample Prep Method Prescribed wt. @ 500 mg Percent Difference (%)
Extraction Efficiency (%) Extraction Efficiency (%)
Method 1 96.62 95.60 1.06
ASTM 98.19 90.91 7.70
DCC 98.84 97.62 1.24

Pure Chromatography
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Summary

96
95
94
93
92
91
90
89
88

RESTEK

Extraction Efficiency

Extraction Efficiency
®Method 1 ®mASTM m Restek

Pure Chromatography

|| Technique | Resut

: Method 1 $0.77
Extraction
Solvent Cost/ ASTM $0.42
REEIEL . B r=— $0.38
: Method 1 95.60 %
Extraction
Efficiency (%) ASTM 90.91 %
@ 500 mg Restek 95.05 %
Method 1 20
Sample Prep ASTM 18
Time (min)
Restek 31.5
Method 1 .29
Extraction Gz i
Consumable ASTM $273
CesierEmld (6 Restek $5.09
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Best for Method for you?

= This is will be determined by each labs individual needs.

% Quantity of cannabinoids detectable

% Concentration of detected cannabinoids

% State regulations/qualifications

% Cost per sample — (i.e. solvent/labor/waste disposal/consumables)

% Equipment availability — (i.e. glassware, vacuum manifolds, filter paper etc.)

R
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Questions?

R
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